Viruses seen in human brain in the rare demyelinating condition progressive multifocal leucoencephalopathy (PML) (ZuRhein and Chou, 1965) (Gardner, Field, Coleman, and Hulme, 1971) and recently four more BK strains have been isolated from urines of similar patients (Coleman, Gardner, and Field, 1973) . Until recently there was no comparison of the antigenic nature of JC and BK viruses although both had been cross tested with SV40 virus. The recent report shows little *or no antigenic relationship between JC, BK, and SV4o viruses although cross reactions occurred when hyperimmune sera were used . This paper describes the isolation of a further polyomavirus, designated COL, from the brain of a patient with progressive multifocal 'Presnt address: The County Laboratory, Glyde Path Road, Dorchester -Received for publication 8 February 1974. leucoencephalopathy and the antigenic relationships between the new strain COL, BK, JC, SV4o and the other established members of the Polyomavirus genus.
Case Report CASE HISTORY This 57-year-old man had been suffering from giant follicular lymphoma for about four years, the original diagnosis having been made by cervical lymph node biopsy. Treatment had included DXR, chlorambucil, and latterly prednisone 30 mg/day. Four months before death he developed progressive visual impairment, difficulty in verbal expression, and gradually became completely blind, demented, and hemiplegic.
Investigations carried out about two weeks before death showed a normal plain skull radiograph with central pineal gland. His Hb was 9 7 per 100 ml.
The white cell count was 3600 per cmm with 80% neutrophils. The platelet count was 30 000. The blood glucose was 116 mg %; the urea nitrogen and electrolytes were normal. The glutamic oxalacetic transaminase was 46 units, alkaline phosphatase 5 KA units, and the total bilirubin 3-1 mg per 100 ml. The Wassermann reaction was negative.
On external examination there were small areas of bruising all over the body and there was a very slight icteric tinge.
Internally there was a moderate degree of pulmonary oedema and congestion with small subpleural haemorrhages. In the left lower lobe there was a moderate bronchopneumonia. The liver weighed 2000 g but was macroscopically unremarkable. The testes were macroscopically normal but there was a small hydrocoele into which some haemorrhage had occurred. The adrenal glands were a little small, but otherwise unremarkable. The spleen weighed 200 g, with a soft, dark cut surface in which no pattern could be seen. No enlarged lymph nodes could be found anywhere in the body.
Histologica' examination showed a patchy bronchopneumonia. The liver showed congestion, centrizonal necrosis, and collections of lymphocytes in the parenchyma and portal tracts, consistent with residual lymphoma, but no follicle formation could be seen. Kidneys showed non-specific collections of lymphocytes in the cortex. The lymph nodes and spleen were congested and oedematous but there was no evidence of follicular lymphoma.
The weight of the unfixed brain was 1450 g. The fixed brain was symmetrical, pale in colour, and firm in consistency with some compression of the cerebral convolutions. Coronal slices showed a symmetrical but small ventricular system. The grey matter was macroscopically normal in the frontal and parietal lobes but showed small areas of softening in the occipital lobes. The white matter of the posterior parietal left temporal lobe and both occipital lobes showed an ill defined diffuse softening and degeneration. No changes were seen in the cerebellum, pons, and medulla. Histological examination showed complete destruction of myelin sheaths in the deep white matter of the parietal, temporal, and occipital lobes. Beneath the cortex, in the basal ganglia, brain stem and cerebellar peduncles there were foci of demyelination. The lesions were characterized by a marked degree of fibrillary astrocytic gliosis with frequent bizarre giant astrocytes showing twisted hyperchromatic nuclei and numerous foamy phagocytes. Marginally they contained cells with large rounded paler nuclei of homogeneous but basophilic appearance almost certainly representing abnormal oligodendroglia. Occasional oligodendroglia contained amphophilic intranuclear inclusions. Axons were relatively preserved in the demyelinated white matter but some swelling and fragmentation was apparent. The cerebral cortex was largely intact.
Thin slices of brain tissue were fixed in glutaraldehyde at necropsy and further processed several days later: the tissue was postfixed in osmium tetroxide, dehydrated, and embedded in an aralditeepon mixture. Ultrastructural studies of thin sections showed that glial cell nuclei were the best preserved tissue elements and many contained round virions 39-1 nm in diameter and filamentous forms 23-0 nm across arranged singly, in strands, or in whorls. Occasional circular virions were also seen grouped together or associated with membranes in the cyto- (Shein, 1965 between BK antibody and SV40 virus using BK patient's serum. The progressive multifocal leucoencephalopathy patient's serum at low dilution gave a small + antibody reaction with BK virus. The haemagglutination inhibition titre of the same serum with BK virus was 1/160. The guinea-pig serum raised against JC virus strongly aggregated the COL strain but had no reaction with BK or SV40 viruses. No other cross reactions were noted.
Discussion
The polyomavirus isolated from brain tissue of a patient with progressive multifocal leucoencephalopathy was designated COL strain. It grew in cultured human foetal brain cells but not in Vero or HEL cell cultures. This property placed COL closer to the JC polyomavirus, similarly isolated from a progressive multifocal leucoencephalopathy brain, than to other polyomaviruses recently recovered from human subjects: BK virus from urines and the SV4o-related viruses from two other progressive multifocal leucoencephalopathy-affected brains. A haemagglutinin for human 0 erythrocytes has been described for BK virus (Gardner et al, 1971) and JC virus (Padgett and Walker, 1973) but not for SV40 or the two human SV4o-related viruses. Absence of haemagglutinin in this new progressive multifocal leucoencephalopathy isolate may be due to a low virus yield from the brain cultures. JC virus infected 50% of cultured brain cells (Padgett et al, 1971) whereas only 10% were infected with the COL strain.
The vacuolated appearance of infected human foetal brain cells was a consistent feature of the cytopathic effect caused by the COL strain and has not previously been described for human polyomaviruses in these cells except at the ultrastructural level (Padgett et al, 1971 (Koch, Becht, and Anderer, 1971; Margalith, Margalith, and Spira, 1972) . Penney and Narayan (1973) have observed that hyperimmune sera give marked serological cross reactions between SV40, BK, and another JC-like polyomavirus but tests using early immune sera show little relationship between these viruses. Some SV40 sera cross react slightly with JC virus while others show no cross reaction (Padgett and Walker, 1973) and similar variation of cross reactivity between different SV4o antisera and BK virus has been noted in this laboratory (Gardner and Field, unpublished observations) . We found it essential to use a rigidly standardized virus dose in the immune electron microscopy test in order to obtain reproducible results and to make valid comparisons between viruses and antibody titres.
The patient from whose brain this new polyomavirus was isolated had antibody to the agent. He had no antibody to other polyomaviruses with the exception of BK virus to which he had a low titre of antibody. The mere presence either of JC or BK virus antibodies has little significance since 60 to 70% of normal adults have these antibodies (Padgett and Walker, 1973; Gardner, 1973 It appears from the results of these cross tests that the Polyomavirus genus can now be considered to contain at least six distinct antigenic types: polyoma virus of mice (the type member of the genus), K virus of mice, RKV of rabbits, SV40 of monkeys, BK virus of human subjects and JC virus of human subjects. The newly isolated COL polyomavirus is a further strain of JC virus. The classification position of the SV40-like viruses isolated from two patients with progressive multifocal leucoencephalopathy is at present unclear: antigenically and biologically they are identical with SV40 Penney, Weiner, Herndon, Narayan, and Johnson, 1972; Penney and Narayan, 1973) yet the nucleic acid has subtle differences from SV40 nucleic acid (Sack, Narayan, Danna, Weiner, and Nathans, 1973) . A porcine polyomavirus has been described (Newman and Smith, 1972) but its relationship with other members of the group has yet to be established.
The polyomaviruses isolated from brains of patients with progressive multifocal leucoencephalopathy so far fall into two types. The majority of isolates are strains of JC virus: Padgett and her colleagues (1971) recorded the original isolation of JC, a second strain was isolated by Weiner, Narayan, Penney, Herndon, Feringa, Tourtellotte, and Johnson (1973) , and this paper records the third isolation of a JC strain. More recently in this laboratory a further (fourth) strain of JC polyomavirus has been isolated from brain biopsy material from a patient with progressive multifocal leucoencephalopathy (Gardner and Field, unpublished observations) . The second type associated with this disease includes the two strains of SV40 virus . Serological surveys have shown that more than twothirds of American adults have antibody to JC virus. It has not yet been possible to do a similar survey for JC antibody in Great Britain but it has been found that three-quarters of the adult population have BK virus antibody. With the exception of special groups SV40 antibody is uncommon in man (Shah, 1972) . BK virus has not yet been implicated in any pathological condition. JC virus undoubtedly occurs in association with progressive multifocal leucocencephalopathy both in the United States of America and the United Kingdom. Addendum Since this paper was written nine more strains of JC virus have been identified in progressive multifocal leucoencephalopathy brains by immune electron microscopy using virus extracted from the brains (Narayan et al, New Engl. J. Med. (1973), 289, 1278) . Five were from residents of the United States of America, two were from Canada, and two were from France.
